Derivations and references on flux rates and other calculations made in the Retinal Cholesterol Dynamics (RCD) model (Sections 1 -10).

Supplemental Material S1.Transit-chain model of Cholesterol (Ch) turnover in the Rod Outer Segment (ROS):
As depicted in Figure 2 , we have used a transit-chain model (1) to describe the formation and movement of Ch-containing discs through the ROS and to compute the associated fluxes of Ch into and out of the discs. The input rate of Ch needed to maintain the Ch gradient in the ROS discs ( ℎ ), when expressed per mm 2 of retina, defines the Ch turnover rate in the RCD model. Based on Young's study of the Rhesus monkey (2) we take the number of discs per ROS to be 1000 and the rate at which discs enter the ROS ( ) to be 85 discs/day. We divide the ROS into 10 compartments, each containing 100 discs, which transit through the ROS and are phagocytosed by the RPE from the last compartment by a firstorder process with rate constant . The number of compartments has been chosen arbitrarily but has a negligible impact on the steady-state behavior of the system. The value of is readily given by the steady-state condition ( = 100 ): = 85 / 100 = 0.85 −1 (S1.1) It may be noted that the average time for a disc to transit from the first compartment to the RPE is equal to 10 or 11.7 days as found by Young (2) . The uncertainties of and are estimated to be 6%.
With regard to Ch, Fig. 2 shows that the rate of Ch input to compartment 1 is derived from two sources. The first source, ℎ , is the zero-order Ch flux delivered from the RPE to the RIS (including the possibility of Ch synthesis). The second source is the Ch flux delivered from the "recyclable pool", and is given by the product of the rate constant 2 and the amount of Ch in the recyclable pool ℎ . The recyclable pool itself is supplied by Ch that is transferred out of the discs in compartments 2 through 10 with rate constant . In addition to the Ch that is taken up by the RPE through the phagocytosis of discs in compartment 10, we assume that Ch may also enter the RPE directly from the recyclable pool by a first-order process with rate constant 1 . The extent to which Ch is actually recycled from the recyclable pool to the RIS will depend on the ratio , which we define as the recycling fraction . In the following derivation we first show how can be estimated from the concentration gradient of Ch in the ROS discs using the data from Boesze-Battaglia (3, 4) . We then derive an expression for the dependence of ℎ on .
For compartment 1, the steady-state condition is given by:
( 1.2) For transit-chain compartments i=2-10 the steady-state condition is given by:
ℎ is the total amount of Ch contained in the 100 discs of compartment i. Iterating Eq. S1.3 from compartment 1 to i leads to:
For the recyclable pool, the steady-state condition is given by:
which leads to:
Defining = + , and combining Eq. S1.6 with Eq. S1. 4 we obtain:
Summing the geometric series in 1.7 yields:
From Eq. S1.4, we may estimate , from the experimentally derived ratio of Ch content in the "oldest" discs (compartment 10) vs. "newest" discs (compartment 1) of the ROS (3, 4):
( 1.9)
As the ratio with an estimated uncertainty of 6%. From this value and the previously estimated we compute to be 0.19 −1 with an estimated uncertainty of 34%.
Combining Eq. S1.2 and Eq. S1.8, we arrive at the following expressions for ℎ , the Ch turnover rate in the ROS:
(1 − 9 )
1 − ( 1.11)
Since 1− = , this simplifies to:
and combining with Eq. S1.9, we obtain the following result for ℎ :
As expected this equation shows that in the limit where = 0 (no recycling), ℎ = 1 ℎ while in the limit where = 1 (complete recycling), ℎ = 10 ℎ .
Finally since , Eq. S1.13 becomes:
This simple result shows that ℎ will decrease linearly with , from a maximum value of 1 ℎ to a minimum value that is 1/6 as large.
The numerical value of ℎ requires an estimate of 1 ℎ , i.e., the amount of Ch contained in the 100 newly formed discs of compartment 1, which is equal to 100 times the number of Ch molecules in one newly formed disc 1 ℎ/ . Using this variable and the steady-state condition = 100 (from Eq. S1.1), S1.14 is equivalent to:
To express ℎ as a Ch flux in pg/mm 2 /min of retina, we multiply the right hand side of S1.15 by the surface density of ROS in the retina , the molecular weight of Ch ℎ (386.65 g/mol), and divide by Avogadro's number (6.02 x 10 23 ):
The value of 1 ℎ/ can be estimated from compositional data on ROS discs as the product of the molar ratio of Ch-to-PL ( ℎ: ), the molar ratio of PL-to-Rhodopsin ( : ℎ ), the surface density of Rhodopsin in the ROS membrane ( ; where is the ROS diameter 1.27 μm (14) .
Supplemental Material S2. Transcytosis of LDL across the CC endothelium:
As discussed in section S6 (below), the effective pore size of the diaphragmed fenestra of the CC (16) ranges from 6-12 nm, which would prevent the permeation of LDL particles, whose average diameter (17, 18) is 21nm. We therefore assume that LDL passes across the CC endothelium by transcytosis (receptor-mediated vesicular transport) as suggested for other capillary beds (18) (19) (20) . Based on Dehouk's in vitro study of the kinetics of LDL permeation across a brain endothelial monolayer (22) (with an uncertainty of about 7%). Although Dehouk could not detect a comparable flux in the opposite direction (when donor solution was placed on the abluminal side of the monolayer), we assume that this permeability value (denoted ) can nevertheless vary from 0.1 to 1 times . As shown in the next section and in Figure 6 , the rate of receptor-mediated uptake of LDL by the RPE is relatively insensitive to the assumed value of .
Supplemental Material S3. LDLR-mediated uptake into the RPE:
Based on experimental measurements (24, 25) and theoretical analysis (26) we model the receptormediated uptake of LDL particles by the RPE assuming Michaelis-Menten kinetics, given in Eq. S3.1:
where is the maximum uptake rate per RPE cell, is the basal surface area of an RPE cell, is the LDL particle concentration in Bruch's membrane at the basal surface of the RPE, and is the LDL concentration corresponding to the half-maximal uptake rate. Defined in this way is a flux rate that can be expressed in terms of LDL particle number, protein mass, or Ch mass using the fact that each LDL particle contains 1 ApoB molecule (MW = 500,000 g/mole) and 2000 Ch molecules (27) , taking the convention of expressing lipoprotein Ch mass as unesterified Ch (MW = 386.6 g/mole). We will begin expressing using protein mass and convert to Ch mass at the end of the derivation.
Based on Hayes' in vitro study of LDL uptake in RPE monolayers (25) we estimate the value of to be 35 g/mL ApoB protein concentration (7 x 10 -8 M), similar to the value of 8 x 10 -8 M estimated in Hep-G2 cells by Harwood (26) . Based on these two values the uncertainty in is estimated to be 9%. At a 10 g/mL protein concentration in the incubation medium, Hayes found that "de-repressed" RPE cells (with maximal expression of LDL receptors) degraded 1200 ng protein/mg cell protein over 3 hrs, corresponding to an estimated degradation rate (that we equate with the in vitro ) of 6.67 ng protein/mg cell protein/min. The amount of cell protein in an RPE cell is estimated to be 9.5 x 10 -7 mg based on a typical value for cellular protein concentration (25 g/mL) (28) and the RPE cell volume (3804 m 3 ), calculated from (336 m 2 ) and the thickness (11.3 m) of a parafoveal RPE cell in the rhesus monkey (2) . Combining these values, the in vitro corresponds to 6.34 x 10 -3 pg protein/min per RPE cell. Dividing by the ratio + , or 0.22, we obtain for the de-repressed RPE cells to be 2.85 x 10 -2 pg protein/min per RPE cell. Hayes further showed that the de-repressed state of the RPE monolayer could be down-regulated by 90% after a 24-hr incubation with LDL protein concentrations exceeding 20 g/mL. Under physiological conditions in the BrM (where LDL protein is expected to be comparable to ApoB plasma concentrations, i.e., >500 g/mL), we assume that will be down-regulated 10-fold to 2.85 x 10 -3 pg protein/min per RPE cell. Dividing this value by and converting to Ch mass we obtain our final estimate of / , the maximal LDL-receptor mediated uptake rate, to be 13.1 pg Ch/mm 2 /min. Given the various assumptions made in this derivation, notably the degree of LDLR down regulation, we estimate the uncertainty in the value of / to be 50%.
We now link Eq. S3.1 with the transcytosis pathway discussed in Section 2, to model , as in Eq. S3.2:
where is the concentration of LDL in the choroidal capillaries and ℎ is thickness of the BrM layer (approximated as 3 m in the physiological state). As before we express LDL concentrations as mg Ch/dL and convert to 5.4 mg Ch/dL.
In the steady-state ( = 0), acts as a source term and is determined by:
Solving Eq. S3.3 for yields a quadratic equation which enables the LDL uptake rate into the RPE (the second term on the right side of Eq. 3.3 ) to be computed as a function of . This is shown graphically in Figure 6 for three values of the transcytosis permeability ratio / . All three curves approach the limit given by / as exceeds 50 mg/dL.
Supplemental Material S4. ABCA1-mediated transport from apical RPE to outer retina
We estimate the rate of ABCA1-mediated transport of Ch from the apical surface of RPE cells to the outer retina, 1 , from the rate of hepatic ABCA1-mediated transport via the Reverse Cholesterol Transport (RCT) pathway, ℎ . The latter is estimated (per kg body weight, BW) by multiplying the whole-body rate of ABCA1-medated input to plasma HDL (32.9 mg Ch secreted to HDL/kg BW/day) (29) with the fraction of whole-body RCT provided by the liver ( = 0.734) (30) , to obtain 24.1 mg Ch/kg BW/day. As the ratio of liver weight-to-total body weight is 0.03 in mammals (31, 32) , this corresponds to a ℎ of 803 mg Ch/kg liver/day. To express this on a per hepatocyte basis we use the fact that hepatocytes comprise 80% of liver weight and represent the hepatocyte as a cube with a side length (31, 32) of ~19.3 m and a density of 1 gm/cm 3 . The resulting value of ℎ is 7.22 x 10 -9 mg Ch/hepatocyte/day. We convert this to a flux rate across the basal and apical surfaces of the hepatocyte (mg Ch/mm 2 /min) by dividing it by twice the area of the cube face, i.e., 2 x (19.3 m)
2
, and converting from days to minutes to obtain 6.73 pg Ch/min/mm 2 . We take this value to be our estimate of 1 by assuming that the RPE has a comparable density of ABCA1 transporters on its apical surface as the hepatocyte has on its apical and basal surfaces. Given the various assumptions in this derivation, notably the last one, we estimate the uncertainty of 1 to be 50%.
Supplemental Material S5. ABCA1-mediated efflux from basal RPE to BrM:
The rate of ABCA1-mediated Ch efflux from the basal surface of the RPE, 1 , was estimated as being a fraction of the previously estimated flux through the apical surface, 1 , using Eq. The fraction (1/6.37) was determined from the relative expression of ABCA1 in the apical vs. basal RPE of the mouse retina from Ananth et al. (33) using ImageJ. As depicted in Fig. S5 .1, the ratio of the integrated areas under the image fluorescence intensity curves from the apical-to-basal sides of the RPE was determined in 12 cross-sections. The mean ratio is shown in the corresponding box plot. (33) and segmentation in ImageJ. In the lower panel, the box plot shows the distribution of apical-to-basal expression ratios across all segments with a mean of 6.37.
The resulting estimated value of 1 is 1.06 pg Ch/ mm 2 /min. As in section S5, we estimate the uncertainty of 1 to be 50%.
S6. Effective permeability of ApoA-I-Ch from BrM to CC via diaphragmed endothelial fenestra
We first show that the ApoA-I-Ch particles effluxed via the ABCA1 transporter from the RPE or Drusenassociated macrophages are small enough to pass through the pores of the diaphragmed fenestrations of the CC endothelium, whose maximum size (16) has been estimated to be 12 nm (uncertainty 4%). The ApoA-I-Ch particles, which are analogous to nascent HDL discs or so called pre-beta particles, contain 2 ApoA-I molecules, 20 unesterified Ch molecules and 40 phospholipid molecules (29, 34) . From this composition, the molecular weights and partial specific volumes of the constituent molecules, we have calculated the total volume of the particle, and, assuming a spherical shape, estimate its diameter to be 6.3 nm (uncertainty 5%).
The permeability coefficient of the ApoA-I-Ch particles across the CC ( 1− ℎ ) can be calculated using the theory for transport of particles through cylindrical pores (35) (36) (37) (38) . In these equations, represents the fraction of the vessel wall surface area occupied by pores, represents the aqueous diffusion coefficient of the particles (calculated using the Einstein-Stokes relation), represents the thickness of the vessel wall, and λ is the ratio of the particle size to pore size. (λ) represents the hydrodynamic interactions between the solute and pores (which attenuate the diffusivity within the pore) and (λ) is a function which uses the numerical values of the coefficients a 1 to a 7 given in Eq. S6.4. We estimate these parameters (and their uncertainties) as follows. The function (λ) is computed from Eq. 6.2, 6.3 and 6.4.
Using these parameter values and equations, Fig. S6 .1 depicts how the permeability of the particle across the CC depends on . / . Based on the uncertainty in , the corresponding uncertainty in H() and the uncertainties in , D and L, we estimate the overall uncertainty in 1− ℎ to be 41%. For particles approaching the pore size (12 nm) the permeability falls off sharply.
Assuming that ApoA-I-Ch particles enter the BrM either from the RPE or via ABCA1-efflux from Drusen-associated macrophages and that influx from the choroid capillary is negligible, e.g., sink conditions, we can estimate their concentration ( 1− ℎ ) as follows:
where 1− ℎ is the RPE derived influx rate of ApoA-I-Ch particles to the BrM and 1− ℎ is the macrophage derived influx rate, both expressed in terms of the Ch mass associated with the ApoA-I-Ch particles (pg Ch/min/mm 2 ).
At steady-state ( 1− ℎ = 0), 1− ℎ is given by:
1− ℎ [ 6.6] Considering first that the RPE is only the source of ApoA-I-Ch particles and that 1− ℎ corresponds to our previous estimate of 1 , i.e., 1 pg/mm 2 /min, the estimated value of 1− ℎ is 0.0014 mg Ch/dL. Based on the composition of the ApoA-I-Ch particle given at the beginning of this section, this value corresponds to 0.01 mg ApoA-I/dL. If 1− ℎ were 6-fold larger (as in the non-recycling case, see section S1), 1− ℎ would equal 0.0084 mg Ch/dL or 0.06 mg ApoA-I/dL. These values are appreciably smaller than the concentration of lipid-poor ApoA-I in plasma (29) , 5mg ApoA-I/dL.
In the case where the macrophage efflux is the dominant source of the ApoA-I-Ch particles, our calculations (see Section S9 below) show that 1− ℎ values as large as 200 pg/mm 2 /min may occur.
The corresponding value of 1− ℎ would equal 0.278 mg Ch/dL or 2.05 mg ApoA-I/dL.
Supplemental Material S7. ApoB-Ch Secretion out of the RPE into BrM
The efflux rate of ApoB-Ch particles from RPE to the BrM, − ℎ is estimated here based on the rate of hepatic ApoB efflux per hepatocyte ( ℎ ) using an analogous approach to the ABCA1-mediated transport calculation in section S4.
ℎ is derived from the rate of hepatic ApoB input to plasma ( ), measured in healthy subjects to be 24.8 mg ApoB/kg body weight/day (43) . Using the same liver weight-to-body weight ratio as before (31, 32) , 0.03, this corresponds to 827 mg ApoB/kg liver/day. Taking the molecular weight of ApoB to be 500,000 g/mole, we convert this to 1.65 x 10 We now convert this flux rate to Ch based on the ~70 nm particle described by Curcio et al. (44) . Taking the volume of the hydrophobic core of the particle to be the spherical volume of the particle and dividing by the molecular volume of a cholesteryl ester molecule (CE) (1.08 nm 3 (27)), we calculate that each particle will contain approximately 168,000 CE molecules. Based on Shen's 1977 model of spherical lipoprotein structure (27) we estimate that the 70 nm particles would have about 12,500 molecules of unesterified Ch molecules on the particle surface, yielding a total of 180,500 Ch molecules per particle. The corresponding Ch flux rate of ApoB-Ch particles (converted to the mass of unesterified Ch and expressed per minute), i.e., our estimate of − ℎ , is 967 pg/mm 2 /min.
In comparison to the previous calculations of ℎ (see section S1), the estimate of − ℎ is approximately two orders of magnitude larger; indicating that if the RPE functioned like a hepatocyte it would be more than able to eliminate all of the Ch taken up daily from the ROS in the form of ApoB particles. However, according to Fujihara's study of transgenic mice with a human genomic fragment encoding full-length human ApoB (45), the RPE expression of ApoB is about 7.5% of the levels expressed in the liver. Similarly the RPE expression of the microsomal transport protein (MTP-A) mRNA, a key protein involved in ApoB secretion, is 4% of the levels expressed in the liver. Both levels appear to be regulated by the amount of intracellular CE, which is lower in the RPE compared to HepG2 cells (46) . If these expression factors were to act in a multiplicative manner, it would imply that the synthesis and secretion of ApoB in the RPE would be reduced by a factor of 0.003. Acknowledging that mRNA expression levels may not directly correspond to protein levels, reducing the previous value by this factor would lead to a hypothesized − ℎ for RPE cells of 3 pg/mm 2 /min, which is comparable to the earlier estimate of turnover rate, ℎ . Given the various assumptions involved in the derivation of − ℎ , we estimate its uncertainty to be 50%.
Supplemental Material S8. Ch deposition rate in the BrM (Drusen growth rate):
The calculation of the Ch deposition rate in the BrM is based on a number of key assumptions. First, that the Ch deposited in the BrM originates from the Ch turnover of the ROS, i.e.
ℎ . Second, that this material is secreted from the RPE in 70 nm ApoB-containing particles with a core of CE and surface that contains unesterified Ch, i.e., − ℎ = ℎ . To be consistent with Curcio's analysis of the lipid composition of BrM deposits, we assume that about half of the secreted CE becomes unesterified (47) . And third, that due to its 70 nm size the secreted particles cannot enter the CC and therefore become entrapped in the BrM as basal linear deposits and drusen, which are combined in our estimate of drusen growth rate. These assumptions imply that the amount of Ch deposited in the BrM will increase linearly with time and can therefore be characterized by a linear deposition rate ), is the density of esterified Ch (0.991 g/cm 3 ) and is the molecular weight of cholesterol ester (taken as 650 g/mol). The factor 10 −12 converts the turnover rate from pg/mm 2 /min to g/mm 2 /min of retinal tissue; the term in brackets (corresponding to 1.35 cm 3 /g) converts the amount of Ch in grams of unesterified Ch to an equivalent volume (in cm 3 ) of an equimolar mixture of UC and CE; the factor 10 6 converts the cm 3 /mm 2 to μm; and the factor 525,600 converts the growth rate from μm/min to μm/year. locally over the retina in proportion to the value of ℎ in that region, e.g., at the high end of the range in the vicinity of large drusen and at the low end of the range in the vicinity of the basal linear deposits. If such deposition rates persisted for 5 decades, the resulting thickness of Ch deposited in the BrM would range from 35 to 210 μm. The uncertainty in the growth rates and thicknesses are estimated to be the same as for ℎ , i.e., 49%.
Supplemental Material S9. Macrophage-mediated Ch clearance via the ABCA1 transport mechanism
In principle the rate-limiting step in macrophage-mediated clearance of drusen Ch could involve the phagocytosis of drusen Ch by macrophages, the movement of macrophages into or out of the BrM or the ABCA1-mediated efflux of Ch from macrophages to lipid-poor ApoA-I. An in-vitro study of the phagocytosis of polysterene spheres by macrophages (48) indicates that this rate is at least 5-fold faster than the ABCA1-medicated efflux rate of Ch (see later calculation). We have not found any data on the rates at which macrophages enter and/or leave the BrM nor is it known whether macrophages leave the BrM after phagocytosing the drusen material. We therefore assume that ABCA1-mediated Ch efflux is the rate-limiting step for drusen Ch clearance and model the efflux of Ch ( 1 ) from the BrM region to lipid-poor ApoA-I via the following Michaelis-Menten equation:
where and are derived from in vitro Ch efflux studies of acetylated LDL-loaded macrophages to lipid poor ApoA-I (49) (50) (51) and − is the lipid-poor ApoA-I concentration in the BrM. From these studies, was found to be 5 g/mL (uncertainty 35%) and was estimated to be 46.4 ng Ch/mg cell protein/min (uncertainty 15%).
We convert to a per macrophage basis (pg Ch/cell/min) by estimating the mass of cell protein per macrophage using estimates of the of protein concentration in cells (0.25 g/cm 3 ) (28), and the volume per human macrophage (30) ( 4990 3 ) and obtain 5.79 x 10 -2 pg Ch/cell/min. It is interesting to compare this value to an estimate of the rate of phagocytosis of drusen cholesterol by macrophages, which we have derived from the rate of ingestion of polystyrene particles by activated macrophages in-vitro (48) . In a 90-minute incubation, macrophages ingested a total volume of polystyrene microparticles of 118 m 3 /cell, corresponding to an estimated rate of ingestion equal to 1.31 pg/cell/min. Assuming that drusen mass is consumed at the same rate and contains 22% Ch (52), the calculated rate of Ch ingestion is 0.294 pg Ch/cell/min or 5.1 times greater than the previous estimate of the ABCA1-mediated Ch efflux rate.
Using this value, we calculate the rate of drusen clearance (in μm/year) as a function of the macrophage density in the BrM ( ) and lipid poor ApoA-I concentration by applying the same multiplicative factor of 0.709 from Eq. S8.1, thereby arriving at Eq S9.2.
In this context, the retinal density of macrophages refers to the number of macrophages per mm 2 that are located in the sub-RPE space in the vicinity of Drusen deposits and above the CC. The exact thickness of this region is somewhat arbitrary, but is taken in our calculations as 100 μm based on the tabulations of leukocyte concentrations in different strata of the human retina by Penfold et al. (53) . Combining two of these strata corresponds to the 100 μm thickness.
As shown in Table S9 .1 the leukocyte densities in the 100 μm thick region ranges from 149 to 1421 cells/mm 2 for six groups of subjects with increasing severity of retinal pathology. We note that the theoretically maximum density of macrophages corresponding to a hexagonal packing of spheres (with a volume of 4990 μm 3 ) is about 15,000 cells per mm 2 in a 100 μm region based on the maximum volume fraction of 0.74 from Kepler's Conjecture (54) . Thus the experimental densities in Table S9 .1 range from 1-10 % of this maximal macrophage density. Based on this data and the theoretical upper limit we consider that the macrophage density could conceivably range from 0 to 5000 cells/mm 2 in the 100 μm thickness of the BrM containing a large drusen.
We have used Eq. S9. In order to compare these simulations with serial OCT data on the rapid clearance of a drusen in a patient with dry AMD (55) the initial height of the drusen was taken to be 120 μm.
Supplemental Material S10. Analysis of Lin's Study of Retinal Ch Metabolism in the Mouse
In a recently published study, Lin et al. have experimentally determined the Ch content of the mouse retina to be 1.13 g per g of wet tissue and the Ch input rate to be 21 g per g of wet tissue per day (56) . We re-normalize these values from g of wet tissue to mm 2 of retina by assuming a tissue density of 1 g/cm 3 and taking the total retinal thickness to be 200 μm based on Ferguson et al (57) . The re-normalized values correspond to a Ch content of 226 ng/mm 2 retina and a Ch input rate of 2.9 pg/mm 2 /min. We now compare these experimental values to estimates from the RCD model with adjustment for the higher rod density in the mouse retina (500,000 ROS/mm 2 ) and smaller number of discs per ROS (600 discs/ROS) (58) . The corresponding values in the rhesus monkey are a rod density of 94,000 ROS/mm 2 and 1000 discs/ROS (see section S1).
Assuming the average Ch/PL ratio of the discs across the length of the ROS to be 0.12 (see section S1) (3), we estimate the Ch content in the mouse outer retina to be 126 ng/mm 2 retina. This corresponds to 56% of the experimental value, which seems reasonable as the latter value would also include the contribution from the neural cell layers of the inner retina.
To estimate the Ch turnover in the mouse we further adjust the disc turnover rate to be 60 per day (vs. 85 per day in the rhesus monkey), based on the 10-day transit time measured in mouse (58) . Using the RCD model we obtain a lower limit for Ch turnover in the mouse of 3.7 pg/mm 2 /min (corresponding to complete recycling) and an upper limit of 21.9 pg/mm 2 /min (corresponding to no recycling). As the previously estimated uncertainty in the Ch turnover calculations is 49%, we consider the estimated range and experimental Ch input rate (2.9 pg/mm 2 /min) to be in reasonable agreement. Although Lin et al. find that Ch synthesis is the major source of Ch input in the mouse (which could be a species-specific finding), our analysis of Ch content and turnover nevertheless shows that their data are consistent with the structural and dynamic assumptions of the RCD model.
